The achievement of a proper acoustical ambiance for restaurants has long been described as a problem of controlling noise to allow for speech intelligibility among patrons at the same table. This simplification of the acoustical design problem for restaurants does not entirely result in achieving either a sensation of acoustical comfort or a preferred condition for social activity sought by architects. In order to more fully study the subjective impression of acoustical comfort a large data base from 11 restaurants with 75 patron surveys for each (825 total) was assembled for analysis. The results indicate that a specific narrow range of reverberation time can produce acoustical comfort for restaurant patrons of all ages. Other physical and acoustical conditions of the dining space are shown to have little to no consistent effect on the registration of comfort. The results also indicate that different subjective components of acoustical comfort -quietude, communication, privacy -vary significantly by age group with specific consequences for the acoustical design of restaurants for different clienteles. 
Introduction
This study utilizes a compilation of data from students' final projects for a spring 2014 seminar conducted in the Department of Architecture, University at Buffalo. The seminar was entitled "Aural Architecture" from a book by Brian Blesser and Linda-Ruth Salter and thus investigated what they defined as "the properties of a space that can be experienced by listening." 1
In preparation for the final project students read and presented reports on recently-published papers covering the study of acoustics in restaurants. Papers included a study by Astolfi and Fillippi that found that good speech intelligibility by people at their own tables as well as speech privacy from people at adjacent tables could be achieved through control of reverberation, absorption and seating density. 2 Nahid and Hodgson reported from their study that optimal conditions for verbalcommunication quality could be achieved with a reduction in spatial volume, the use of physical barriers and absorptive treatments. 3 Of particular interest was a paper by Jens Holger Rindel which seeks to define acoustical quality in restaurants. 4 Rindel developed a formula from his study: Nmax = V/20 T.
This relationship defines the recommended maximum quantity of persons (Nmax) for sufficient quality of verbal communication in terms of the cubic volume V (m 3 ) and the reverberation time T (seconds). When the Sabine equation for reverberation time, T = .16 V/a, is substituted into Rindel's formula we found that it reduces to: Nmax = 0.3 a Rindel's paper continued to define acoustical quality according to the ratio of actual patrons (C, for capacity) to the recommended maximum number of persons for sufficient quality of verbal communication (C/Nmax). Since a ratio less than 1 represents good quality, this ratio was inverted by the class so that a higher value indicates higher quality (Q) such that: Q = Nmax /C = 0.3 a/C Rindel's measure of acoustical quality is directly proportional to the total amount of sound absorption divided by the total number of occupants. This value (a/C) is identified as "ap" (absorption per person) for inclusion in the analysis with other more common acoustical and physical measures of the subject spaces.
The Restaurants
The students each selected three restaurants from a list prepared by the author. They contacted the owners to describe the project and to request permission to conduct the study including distribution of a patron survey. As they encountered some resistance to the survey, some needed more than three choices to find a willing participant.
Eventually, 17 restaurants were identified by the class (one for each student). Studies were completed and final reports submitted. For this compilation six of the restaurant reports produced by the students were eliminated for a variety of reasons of unsuitability of the locations for study. The Survey A patron survey was prepared by the class for distribution by waiters at each of the study locations ( Fig. 1 ). Managers were directed to give willing patrons the survey only during times when the restaurant was busy, notably 75% full or more.
(We trust this directive was followed but do not have verification in all cases).
The survey includes only six questions. One identifies the patron's age grouping and a second the frequency of dining at the restaurant, intended as an indication of comfort. The second question does not necessarily indicate acoustic comfort as the class would decide, so only the age group question was included in data analysis. The other four questions ranked subjective impressions on a scale from 1 to 4 for Quietude, Communication, Privacy, and Comfort. These four questions were presented so that a higher response value indicates that the restaurant appears to be quiet (Quietude); that it is easy to have a conversation with other diners at the table (Communication, assumed to be related to sound level, not personality or the content of the conversation); that the conversations from adjacent tables are not disturbing (Privacy); and that, overall, the restaurant's acoustic environment subjectively appears "comfortable" 
This survey is entirely anonymous and is being conducted for a class by students from the University at Buffalo Department of Architecture. If for any reason you do not want your answers included, contact xxx at xxx-xxxx, and indicate the survey code below: for whatever aural conditions the patron would associate with the term (Comfort).
The survey data would have benefited from a question regarding Preference: "Do you like the way this restaurant sounds?" Also, some measure of Capacity during the survey might improve verification of the results: "Right now, about how full is this restaurant?"
The Data
The students read one of nine different papers selected by the author from acoustic journals and presented them (in pairs) to the entire seminar. These papers were discussed by the class and information from each was used to identify several acoustical and physical characteristics of spaces whose measures might define the acoustical quality of restaurants. These characteristics were combined with the survey results to create the data set (Fig. 2) . The basic acoustical measure of Reverberation Time (RT-60 at 1,000 Hz) was measured when unoccupied utilizing free online software (Room Equalization Wizard v.5). Background Noise (dBC) was measured for each restaurant when more than 75% occupied, during the dinner hour, (Fig. 3) .  The data does not indicate a strong correlation between Average Comfort and Background Noise (r 2 = 0.140). This is very surprising considering the number of studies that assume increased noise in restaurants results in discomfort (Fig. 4) .  There is also no evident correlation between Average Comfort and many other room characteristics including Density (r 2 = 0.082), Proportions (r 2 = 0.0122), and Total Absorption (r 2 = 0.0396). However, there is a significant correlation for Average Comfort and Reverberation Time, which also indicates an optimal level between 0.5 and 0.7 seconds (Fig. 5) . Reverberation Time compared to the averaged responses for the subjective impressions of Communication, Quietude and Privacy yield some interesting correspondences:  Reverberation Time affects Privacy (lack of disruption due to sounds from other tables) to a large extent (Fig.6 ).  Quietude (how quiet the space seems to be) also corresponds with high significance (Fig. 7) .  Communication (ability to converse with other diners at the same table) correlates the least (Fig. 8) .  There is a significant agreement between Average Quietude and Absorption per Person (r 2 = 0.4864) and there appears to be an optimal amount of 1.8 metric sabins per person (Fig. 9) . A possible explanation: less absorption would make the restaurant seem too noisy, and more absorption would lend too much clarity to conversations from diners at adjacent tables. Comfort by Age Group compared to Reverberation Time shows some expected results with strong correlations to the data:  Age Group 1 (25 and under) has an optimal 0.7 second reverberation time for Comfort.  Age Groups 2, 3 and 4 (all over 25) all have a constant slope in the plot where higher reverberation time results in less comfort.  Related to these results is that Comfort in Age Group 1 (25 and under) has no relationship to Quietude (r 2 = 0.1468). This may lend some credence to the partying invocation among the young: "Let's make some noise."  Comfort in Age Group 2 (26 to 45) is strongly related to Privacy (sounds from other tables) compared to other subjective impressions.  The opposite is indicated for Age Group 4 (over 65) where Privacy is not as important to Comfort as is Quietude and Communication. The general loss of clarity in hearing with age may account for these results.
Summary
There is no apparent correspondence between background noise and the subjective impression of acoustical comfort, at least within the 70-84 dBC range of the data set. There is a strong correspondence between reverberation time and the subjective impression of acoustical comfort.
The data and analysis indicate an optimal range for reverberation time between 0.5 and 0.7 second will provide acoustical comfort for most restaurant patrons. There also appears to be an optimal value of 1. For example, if a restaurateur desires a reverberation time of 0.7 second and a density factor of 1.9 m 2 /person (20.44 ft 2 /person) the architect can determine that the optimal height for a desirable acoustical ambiance is about 4.14 meters (13'-7"): H = 11.25 x 0.7/1.9 = 4.14 meters.
Acoustical comfort is defined differently by age group. The youngest Age Group 1 (under 25) seems unaffected by a loud background level. Age Group 2 (26-45) associates comfort with privacy where sounds of conversations from other tables are not disturbing. Age Group 3 (46-65) wants it all -Quietude, Communication and Privacy. Age Group 4 (over 65) prefers a quiet setting and an ability to easily converse with other diners at the same table, but sounds from other tables are not necessarily disturbing.
A good, successful restaurateur begins the design of a new eating establishment by developing the menu selections followed by the range of prices for the offerings. The menu and price determine the target clientele, including age range. Since the architect can see from the data analysis presented here, understanding the ages of the patrons expected by the restaurateur is critical to the design of the proper acoustical conditions for the dining space.
